INTRODUCTION
============

For endodontic therapy to be successful, it is acknowledged that the root canal should be cleaned, shaped and sealed in its three dimensions[@B19].

Several materials and techniques have been used to fill the root canal system. Gutta-percha, used since 1867[@B06], is the most commonly employed material due to its biocompatibility, dimensional stability, plasticity, and ease of removal when necessary.

Gutta-percha cones consist mainly of gutta-percha and zinc oxide[@B11],[@B16],[@B20] in variable ratios, depending on the manufacturing methods. Gurgel-Filho, et al.[@B11] (2003) compared five commercial brands of cones and found variations from 14.5% to 20.4% for gutta-percha, and from 66.5% to 84.3% for zinc oxide. Maniglia-Ferreira, et al.[@B16](2005) studied the chemical composition of some Brazilian guttapercha cones and found a variation from 15.2 to 21.6% for gutta-percha and from 69.8 to 81.9% for zinc oxide. These differences may affect the physical and biological properties of gutta-percha cones[@B21].

Root canal filling techniques using cold or warm gutta-percha cones have been extensively applied in Endodontics[@B12],[@B14],[@B19],[@B24]. The lateral condensation method using cold gutta-percha may result in voids between the cones[@B01],[@B12],[@B14] and lack of a homogeneous sealing mass[@B04],[@B19].

Gutta-percha is a polymer found in two distinct crystalline forms, alpha and beta. Most gutta-percha cones available are in the beta form. The alpha form of gutta-percha is brittle at room temperature, but becomes gluey, adhesive and highly flowable when heated. The beta form, on the other hand, is stable and flexible at room temperature. When heated, it is less adhesive and flowable than the alpha form[@B09].

Since 1967, when Shilder[@B19] introduced the vertical condensation technique using warm gutta-percha, a large number of thermoplastic methods have been proposed. Some of these methods, such as Thermafil[@B01],[@B05],[@B12], Ultrafil[@B05] and Microseal[@B02],[@B03],[@B15] use gutta-percha in the alpha form.

The clinical advantages of the alpha form of gutta-percha resulted in the development of the Microseal system (Sybron Endo, Orange, CA, USA). A similar process of thermoplastic obturation, the TC system (Tanaka de Castro & Minatel Ltda., Cascavel, PR, Brazil), was developed and patented in 2002, aiming at making this technique more accessible while preserving its main properties.

Few studies have evaluated the thermoplasticity of different brands of gutta-percha[@B10],[@B21] and its different forms, alpha and beta.

The aim of this study was to compare the flow capacity of three distinct brands of gutta-percha cones (Tanari, Dentsply 0.06 and Roeko) to that of gutta-percha cones in the TC system.

MATERIAL AND METHODS
====================

For thermoplasticity analyses, five specimens, measuring 10 mm in diameter and 1.5 mm in thickness were fabricated from each brand of gutta-percha, as shown in [Table 1](#t01){ref-type="table"}.

###### Endodontic filling materials used in the experimental groups

  MATERIAL        MANUFACTURER
  --------------- -------------------------------------------------------------
  Tanari          Tanariman, Manacapuru, AM, Brazil
  Dentsply 0.06   Dentsply Indústria e Comércio Ltda., Petrópolis, RJ, Brazil
  Roeko           Roeko, Langenau, Germany
  TC System       Tanaka de Castro & Minatel Ltda, Cascavel, PR, Brazil

Material samples were kept in water at 70°C for 60 seconds, using a thermometer-controlled heating apparatus (Righetto e Cia., Campinas, SP, Brazil).

The heated materials were then placed into standardized rings in the dimensions above described, and pressed between two glass slabs under controlled and constant pressure of 0.5 N for one minute. Thereafter, the specimens were removed from the molds, the excess material was trimmed and dimensions were checked. Specimens were kept at a temperature between 25-30°C for 24 h and then returned to the heating apparatus at 70°C for 60 seconds. Following that, the specimens were once again positioned between two glass slabs and a 5 kg weight was placed on top of the slabs to create compression for three minutes, until the material cooled. The image of each specimen was digitized before and after compression and analyzed by the Image Tool software (UTHSCSA Image Tool for Windows version 3.0, San Antonio, TX, USA) to determine its area in mm^2^. The thermoplasticity of the materials was determined by the difference between the initial and final areas of each specimen.

The resulting data were analyzed by ANOVA with a significance level of 0.05%.

RESULTS
=======

Means and standard deviation for the differences between initial and final areas of each material are shown in [Figure 1](#f01){ref-type="fig"}. Results showed that the TC system presented the highest thermoplasticity values (p\<0.05). Among the gutta-percha cones, the Roeko brand presented greater plasticity than the other tested brands (p\<0.05).

![Means and standard deviations for the differences between initial and final areas of the experimental groups](1678-7757-jaos-15-02-0131-gf01){#f01}

DISCUSSION
==========

The goal of root canal filling techniques using warm gutta-percha is to achieve a homogenous obturating mass and to successfully fill irregularities in the root canals[@B01],[@B04],[@B07]--[@B10],[@B12],[@B14],[@B19],[@B21],[@B22],[@B24], while promoting a better apical seal[@B02]. These methods rely on the thermoplasticity of the cones, which may vary among the different commercial brands of gutta-percha[@B10],[@B21].

Studies to evaluate the plastification ability of guttapercha have been performed in flat root canals[@B24], natural teeth with artificially produced irregularities[@B01],[@B04],[@B07],[@B08], accessory canals in demineralized teeth[@B22], artificial teeth with simulated canals[@B10], and metal blocks with accessory canals[@B21]. In order to standardize the variables and to better assess the thermoplasticity of the tested materials, the ADA specification No. 57 (ISO 6876 standard - *Dental Root Canal Sealing Materials)*, which refers to the measurement of the flow capacity of sealing materials, was adapted in the present study to gutta-percha testing. To evaluate the flowing ability of endodontic sealers, a 120 g weight is applied. The findings of preliminary studies showed that the force required to provide a significant increase in the diameter of heated guttapercha specimens should be greater that 3 kg. In the present study, a 5-kg weight was used.

According to Shilder, et al.[@B20] (1974), gutta-percha has two endothermic peaks. The first peak occurs between 42 and 49°C and corresponds to the transformation from the beta phase to the alpha phase, while the other peak occurs between 53 and 59°C, when the material changes from the alpha phase to the amorphous phase. Miner, et al.[@B18] (2006) reported that the melting point of gutta-percha is at 60°C. Combe, et al.[@B17] (1992) compared the endothermic peaks of non-industrialized gutta-percha to 15 commercial brands of gutta-percha using the temperature of 70°C. Based on the findings of these investigations, a temperature of 70°C was chosen for the present study.

It is difficult to establish the amount of temperature rise on the dentin surrounding the heated gutta-percha during root canal obturation. Venturi, et al.[@B23] (2002) evaluated the temperature change of gutta-percha and root dentin after vertical condensation technique using the System-B Heat Source and observed minimal temperature increase on the external root surface, which suggests lack of damage to the periradicular tissues.

Our results showed differences among the tested products. The TC system presented higher thermoplasticity. Among the gutta-percha cones, the Roeko cones had better results compared to the other tested brand. The results presented by the TC system are related to the thermal treatment of the material during the manufacturing process, resulting in alpha gutta-percha, with higher thermoplasticity[@B09], as demonstrated in this study. Gutta-percha is a natural polymer that undergoes industrial processing and addition of other substances before its application in Dentistry. This may affect the thermoplasticity behavior of this material. Kolokuris, et al.[@B13] (1992) verified that the thermoplastic properties of gutta-percha depend directly on its composition, being more pronounced in its pure form than in the industrialized version.

The different results obtained with the tested guttapercha brands may be related to the amount of organic and inorganic components in the product. Other studies advise that the amount of inorganic fillers added to the material during fabrication of the cones may affect its properties[@B13],[@B17],[@B20],[@B21].

Gurgel-Filho, et al.[@B11] (2003) performed chemical and radiographic studies with five commercial brands of gutta-percha and found that the variation in the amounts of zinc oxide and gutta-percha affected the flow capacity of the products[@B10]. Commercial brands with higher amounts of gutta-percha[@B11] in their composition demonstrated better ability to fill simulated accessory canals[@B10]. Nevertheless, due to the peculiar anatomical characteristics of the root canal system, further studies are required to investigate the capacity of different types of gutta-percha in adequately filling lateral canals.

Brosco, et al.[@B02] (2003) evaluated several obturation techniques and verified that the Microseal system presented the least apical leakage. The authors attributed these results to the physical properties inherent to the alpha form of gutta-percha: high adhesion ability, low melting point and ability to adapt to the apical portion of the root canals.

When thermomechanical root canal filling techniques are used, the attrition between the compactor and the gutta-percha cones generates heat. This heat plasticizes the gutta-percha, which is then laterally and apically condensed against the canal walls. Our results showed that gutta-percha behaves differently when heated, which may affect its application in thermoplastic obturation techniques.

The present study may be considered as an initial model for thermoplasticity evaluation. Further research is required to increase the accuracy and standardization of the analysis of the thermoplastic properties of gutta-percha and similar root canal filling materials.

CONCLUSIONS
===========

Based on the results of the present study, it may be concluded that different commercial brands of gutta-percha presented different thermoplasticity values. In addition, it was observed that the gutta-percha in the TC obturation system had the highest thermoplastic ability, which is consistent with gutta-percha in the alpha form.
